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The  Visual  Larding  Aids  Branch  of  the  Federal  Aviation  Administration 
contracted  with  Permali,  Incorporated  to  develop  a  break-away  mast  for 
use  in  low  impact  resistant  (LIR)  structures  to  support  airport  approach 
lighting  systems.  This  report  describes  that  effort  which  was  conducted 
under  Contract  No.  DOT-FA78WA-4152. 

The  proposal  to  do  this  work  at  Permali,  Inc.  was  unsolicited  by  the  FAA. 
It  was  based  on  Permali' s  expertise  in  the  design  and  manufacture  of 
filament  wound  glass  with  epoxy  resin.  This  combination  of  materials 
has  the  traits  of  exceptional  strength,  light  weight,  and  durability. 

In  combination  with  additives  that  will  protect  the  material  from  ultra¬ 
violet  degradation,  it  is  expected  to  have  a  minimum  life  of  twenty  years 

Permali  is  indebted  to  Dr.  Jamil  Abassi  and  Mr.  Stephen  Cannistra  of  the 
Federal  Aviation  Administration  for  the  cooperation  and  guidance  which 
they  have  provided. 

We  wish,  also,  to  acknowledge  the  valuable  contribution  of  Dr.  Roger  G. 
Slutter  and  his  staff  at  the  Fritz  Engineering  Laboratory  of  Lehigh 
University  where  the  impact  tests  and  analyses  were  performed. 
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Introduction 


1.1  Background 

The  concern  of  the  FAA  for  the  safety  of  aircraft  crews  and 
[vassertgers  has  been  exhibited  in  many  ways.  The  potential 
hazard  of  striking  the  support  towers  of  the  Approach  Lighting 
System  has  lead  to  a  number  of  design  and  development  efforts 
during  the  past  decade.  In  1975  a  development  contract  was 
placed  with  Lev  Zetlin  Associates,  Inc.  for  the  development  of 
a  design  for  an  advanced  LIR  structure  of  non-metal lie  materials. 

'Ihe  objectives  were  to  achieve  minimum  interference  with  the 
localized  beam  of  the  Instrument  landing  System  and  provide  a 
light  weight,  lew  mass  system.  'Hie  resulting  design  utilized 
a  filament  wound  glass/resin  tube  of  high  strength  with  stress 
raising  notches  to  initiate  failure  on  impact.  This  design 
was  produced  in  limited  quantity.  Impact  tests  subsequently 
revealed  energies  and  peak  forces  greater  than  those  predicted 
by  the  engineering  design  analysis.  Permali,  Incorporated,  the 
manufacturer  of  these  units,  proposed  to  the  FAA  a  program  for 
the  development  of  a  break-away  joint  to  replace  the  stress  raising 
notches.  This  report  details  the  contract  resulting  from  this 
proposal . 

1.2  Contract  Requirements 

Provisions  of  this  contract  provide  for  three  basic  phases:  (a) 

The  characterization  of  the  existing  design,  utilizing  stress  raising 
grooves,  in  both  static  and  dynamic  modes;  (b)  The  design  and  testing 
of  our  different  concepts  for  a  break-away  mechanism  to  replace  the 
stress  raising  grooves;  (c)  The  optimization  of  two  concepts  for  a 
break-away  mechanism. 

1 • 3  Contract  Objective 

The  object  of  this  contract  is  to  determine  the  most  cost  effective 
design  for  a  LIR  mast  which  will  meet  the  desired  break-away 
characteristics . 

1.4  Report  Organization 

Section  2  summarizes  the  results  of  the  testing  which  was  done. 

Section  3  details  the  goveminq  parameters  within  which  the  work 
was  done.  Section  4  describes  the  four  joint  concepts  for  a  break¬ 
away  mechanism  and  gives  the  details  of  the  test  results.  Section  5 
describes  the  two  concepts  which  were  optimized  and  gives  the  details 
of  the  test  results.  Section  6  gives  details  of  the  test  methods  used 
and  Section  7  presents  conclusions  and  reccrmendations . 
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SECTION  2 


Surmary 


2.1  Existing  Design 

The  LIR  roasts  are  presently  made  in  accordance  with  specifications 
FAA-E-2640,  FM-E-2659  and  applicable  drawings.  Ibis  design 
utilizes  a  V  shaped  notch  (see  Fig.  6,  pg.  14)  at  spaced  intervals 
as  the  means  of  attaining  the  desired  break-away  joint.  Tests  on 
this  existing  design  established  strength  properties  as  follcws 
(see  Figures  11,  12,  13  and  14  for  test  methods) : 


Flexural  Moment  Capacity 
Ccxnpressive  Load  Capacity 
Shear  Load  Capcity 
Inpact  Peak  Force 
Inpact  Energy 

2.2  Provisional  Concepts 


126,450  in. lb. 

56,400  lb. 

39,000  lb.  (double  shear) 
9,100  lb. 

2,500  ft. lb. 


Four  concepts  were  devised  with  the  view  to  provide  for  a  clean 
impact  break  while  retaining  sufficient  strength  to  withstand  the 
required  wind  loading.  These  concepts  were  as  follows: 


Type  I 
Type  II 
Type  III 
Type  IVa 


Type  IVb 


A  male-female  joint  with  the  male  portion  being 
composed  of  hoop  wound  fibers  (see  Fig.  7) . 

A  joint  utilizing  an  internally  bonded  sleeve 
composed  of  helically  wound  fibers  (see  Fig.  8) . 

A  joint  utilizing  an  internally  bonded  sleeve 
composed  of  hoop  wound  fibers  (see  Fig.  9) . 

A  joint  accomplished  by  introducing  an  integral, 
hoop  wound,  ring  at  the  time  of  winding  the 
tube  and  then  machining  off  the  helical  windings 
over  the  ring  after  curing.  Four  1/4"  diameter 
holes  were  drilled  through  the  centerline  of  the 
integral  hoop  wound  ring,  at  90°  spacing,  in  order 
to  insure  fiber  discontinuity.  (See  Fig.  10) . 

Same  as  Type  IVa,  but  with  the  four  1/4"  diameter 
holes  eliminated.  (See  Fig.  10) . 


The  results  of  static  and  dynamic  tests  of  these  concepts  are  shewn 
on  Figures  1  through  5.  Comparison  is  made  with  the  current  design 
which  is  identified  in  the  figures  as  "Notch".  All  values  shewn  in 
Figures  1  through  5  are  ultimate  strength  values. 
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Section  2  (cunt  M) 


2.3  Final  Coix-opts 

T\*'>  design  concepts  were  developed  which,  by  test,  have  adequate 
strength  for  the  intended  sei-vice  .uvl  which  will  break  clean 
when  injected  by  .in  aircraft  wing.  Of  these  two  design  concepts, 
one  is  intended  far  new  manufacture  and  the  other  is  intended  for 
the  modification  of  masts  which  are  already  in  existence. 

Ntw  Manufacture  -  Design  A:  This  design  utilizes  helically  wound, 
integral  rings  which,  when  the  overwound  main  tube  fibers  have  been 
machined  off,  provide  fiber  discontinuity  so  that  the  resulting 
inexact  break  is  c levin  (see  Dug.  No.  F-F-8161,  Details  A  i  D  on 
page  35) . 

Modification  Concept  -  Design  B:  Itus  design  consists  of  a  break¬ 
away  joint  produced  by  cementing  in  .in  internal,  helically  wound 
sleeve  of  such  dimensions  that  the  various  criteria  are  met  but, 
because  there  are  no  conti nixxis  fibers,  a  resultant  impact  break 
is  clean. 

Since  the  shear  and  compression  loading,  resulting  from  maximun  wind 
force,  is  adequately  covered  by  all  designs  tested,  these  factors 
can  be  eliminated  from  decision  making.  Hie  nviximum  moment  resulting 
from  nviximum  wind  force  is  36,640  in. lb.  (see  Fig.  15)  and  this 
occurs  at  the  base  line.  Hie  first  frangible  joint  is  38-1/2" 
above  the  base  line;  therefore,  the  maximum  moment  to  be  seen  by 
any  joint  would  be  28,438  in. lb.  A  comparison  of  the  existing 
design  (Notch)  and  the  final  concepts  is  as  follows 

Flexural  Moment  Capacity  Safety  Factor 


Notch 
Design  A 
Desi.in  B 


126,450  in. lb. 
128,430  in. lb. 
103,680  in.  lb. 


4.5 

4.5 

3.7 


SECTION  3 


Contract  Requirements 


3. 1  Existiiv-j  V-Notch  Design 

It  is  required  that  the  existing  V-notch  design  (see  Fig.  6, 
page  14)  be  characterized  in  both  static  and  dynamic  modes  in 
order  to  provide  a  benchmark  for  comparison  purposes.  It  is 
recognized  that  the  existing  V-notch  design  lacks  the  desired 
break-away  characteristics  in  tint  it  wili  not  separate  cleanly 
on  impact. 

3.2  Preliminary  Concepts 

It  is  required  that  a  minimum  of  four  separate  break-away  joint 
concepts  be  developed  as  a  means  of  arriving  at  a  design  which 
would  resist  the  specified  wind  loading  of  100  mph  (with  gusts) 
and  yet  be  sufficiently  frangible  bo  break  cleanly  when  impacted 
by  the  wing  of  a  light  aircraft.  These  concepts  are  to  be 
characterized  by  static  and  dynamic  tests. 

3.3  Final  Concepts 

Two  final  concepts  are  to  be  developed,  making  full  use  of  the  test 
experience  with  the  preliminary  concepts,  and  these  two  concepts 
are  to  be  tested  in  both  the  static  and  dynamic  mode.  It  is  re¬ 
quired  tint  these  two  concepts  separate  cleanly  when  impacted,  that 
they  have  sufficient  moment  resistance  to  withstand  the  required 
winu  loading  and  that  they  be  cost  effective.  It  is  further  re¬ 
quired  that  the  final  concepts  be  reliable  in  performance  and  that 
they  have  the  required  service  life  of  20  years  in  outdoor  use 
(+  55°C  and  5%  to  100%  humidity) . 
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SECTION  4 


Preliminarv  Concepts 


Construction 

Five  preliminary'  concepts  of  break-away  joints  were  developed 
and  tested,  one  of  which  was  a  variation  of  one  of  the  others. 


Type  I 


Type  II 


Type  III 


Type  IVa 


Type  IVb 


4.2  Test  Results 


A  male- fertile  joint  with  the  male  portion  being 
composed  of  hoop  wound  fibers  and  having  four 
1/4"  diameter  holes,  spaced  9CP  apart,  at  the 
line  of  juncture  of  the  two  sections  of  helically 
wound  tubing.  The  male  portion  of  the  joint  is 
•wound  as  an  integral  part  of  one  section  of  tubing 
and  is  then  cemented  into  the  female  end  of  another 
section  of  tubing.  See  Figure  7. 

A  joint  utilizing  an  xntemally  bonded  sleeve  com¬ 
posed  of  fibers  wound  with  a  helix  angle  of  45°. 

See  Figure  8. 

A  joint  utilizing  an  internally  bonded  sleeve  com¬ 
posed  of  hoop  wound  fibers  and  having  four  1/4" 
diameter  holes,  spaced  90°  apart,  at  the  line  of 
juncture  of  the  two  sect-ions  of  helically’  wound 
tubing  being  joined  by  the  sleeve.  See  Figure  9. 

A  joint  in  which  an  integral,  hoop  wound  ring  having 
a  double  taper  on  the  outside  diameter  is  placed  on 
the  mandrel  at  the  time  when  the  main  tube  is  wound. 
This  integral  ring  is  overwound  by  the  helical  fibers 
of  the  tube  and  becomes  an  integral  part  of  it  during 
curing.  The  overwound  helical  fibers  are  machined 
away  from  the  central  portion  of  the  ring,  thus 
breaking  the  continuity  of  the  helical  fibers. 

Four  1/4"  diameter  holes  are  drilled,  on  90° 
spacing,  at  the  center  point  of  the  integral  ring. 

See  Figure  10. 

This  joint  is  constructed  exactly  as  Type  IVa  with 
the  exception  that  the  four  1/4"  diameter  holes  are 
emitted.  See  Figure  10. 


The  test  results  on  the  preliminary  concepts  are  shewn  on  the  bar 
charts  in  Figures  1  through  5.  The  data  supplied  by  the  FAA  indi¬ 
cates  that,  under  the  most  severe  wind  loading,  mast  MS-20  is 
exposed  to  the  greatest  shear  force  (225  lb.)  and  that  mast  MS-40 
is  exposed  to  the  greatest  ccnpressive  force  (3,250  lb.).  (See 
Exhibit  F  of  FAA  Dwkt.  D-6155-1  for  masts  MS-20  and  MS-40.) 


n 
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SECTION  4  (cont'd) 


4.2  Test  Results  (cont'd) 

Since  the  lowest  shear  test  values  were  7,900  lbs.  in  single 
shear  (1/2  the  double  shear  shewn  on  the  chart) ,  the  minimum 
safety  factor  in  shear  is  35/1.  The  lowest  compressive  test 
values  were  42,300  lbs.  which  results  in  a  minimum  safety  factor 
of  13/1.  As  the  safety  factors  in  shear  and  compression  are 
more  than  adequate  for  all  construction  types  tested,  we  can 
eliminate  these  stress  modes  from  further  consideration. 

The  relevant  factors  for  evaluating  the  preliminary  concepts  of 
break-away  joints  are  as  follcws:- 


Flexural 

Impact 

Inpact 

Strength 

Energy 

Peak  Force 

Relative 

Relative 

Design 

In. Lb. 

Ft.Ib. 

Lb. 

Weight 

Cost 

Notch 

126,450 

2,500 

9,100 

1.00 

1.00 

I 

35,100 

450 

3,800 

1.21 

1.03 

II 

94,600 

970 

5,700 

1.10 

0.95 

III 

31,800 

480 

4,000 

1.28 

1.06 

IVa 

15,600 

270 

3,000 

1.00 

0.79 

IVb 

46,400 

400 

3,600 

1.00 

0.79 

Relative  weight  is  based  on  five  frangible  joints  per  20  ft.  section. 

The  existing  or  notch  design  is  obviously  the  strongest  of  the 
group  in  flexure,  but  it  requires  excessive  impact  energy  for  a 
break  and,  when  it  is  impacted,  the  notch  or  stress  raising  groove 
does  not  achieve  complete  separation.  After  impact,  a  substantial 
number  of  the  fibers  remain  unbroken  and,  thus,  the  two  parts  of 
the  mast  do  not  separate. 

Design  I  can  not  be  considered  as  a  solution.  The  flexural  strength 
provides  no  safety  factor. 

Design  II  is  a  satisfactory  construction  in  that  the  flexural  strength 
provides  a  safety  factor  of  3.3  and  it  breaks  completely  on  impact 
although  the  required  force  is  somewhat  greater  than  desired.  The 
relative  cost  of  Design  II  is  about  5%  lower  than  that  of  masts  with 
stress  raising  grooves  which  makes  it  cost  effective. 

Design  III  is  unsatisfactory  in  every  sense.  It  has  less  than  the 
required  flexural  strength  and  the  relative  cost  is  high. 

Design  IVa  is  cost  effective  but  the  flexural  strength  is  too  low 
to  permit  serious  consideration. 

Design  IVb  has  a  safety  factor  of  1.63/1  in  flexure  and  is  cost 
effective.  However,  on  impact  failure  was  in  the  material  rather 
than  in  the  integral  ring/tube  bond  and  all  of  the  fibers  did  not 
break.  This  design  showed  promise,  but  also  indicated  that  further 
vrork  was  needed. 


SHFT1CN  r> 


t^'t  inii  .'ixi  (Anxvpt  s 


1  Qmstruct ion 


Fol  lowing  a  rev  low  ot  tost  data  with  I'M  ixn  soi\nol ,  the 
decision  was  made  to  proceed  with  two  desiqn  concepts 
wl\i oh  slxxaxl  promise,  but  to  intiaxluoe  certain  modi { ioat  ions 
tot  improved  jxm fomvance. 

Design  A  is  an  adaptation  of  Desiqn  IVb.  Hite  Imp  \* >und 
interval  ring  is  replaced  by  a  helically  wound  ring  which 
is  inherently  strong  enough  so  that,  on  imjvtct  ,  it  will 
force  a  boixl  failure  and,  thus,  a  clean  break.  Pmluction 
cost  will  be  substantially  the  same  as  tot  Dos inn  IVb  so 
that  Desiqn  A  will  lx*  cost  effective. 


besicnt  B  is  similar  to  Design  11,  but  the  length  ot  the  waxuvl 
sleeve  was  reduced  to  tluoc  indies  itt  omei  to  reduce  the  imjvact 
onenjy  necessary  for  separation. 


2  'rest  Resu  1  ts 


Shear  and  compression  tests  win  e  omitted  Ixvause  the  exjx'i  ience 
in  all  prior  testing  shcvaxl  that  these  privities  were  none  t  hart 
adequate  in  all  cases.  Flexural  tests  were  (X'rfonixxt  at  Mxmt 
Pleasant,  PA,  .and  imjvict  tests  wine  porfonmxl  at  tlx'  Frit 7. 
Fngineering  Uiboratory  ot  1  ohigh  Inivetsity.  Hu'  tits*,  s. trades 
of  Desiqn  A  were  node  with  1-1/2"  loixi  helix  rings.  'Bests  ot  tliese 
tube  sections  were  distorted  because  ixd  all  ot  the  continuously 
overwound  fibers  had  boor  cut.  Hiey  also  lacked  flexural  st  ren.it  h 
because  of  inader|Uatc  bonding  anu  at  the  bmak-away  Joint.  After 
consultation  with  the  KM ,  it  was  dtvidcxi  to  increase  the  lenqth 
of  the  helix  rinu  to  throe  inches  in  onler  to  improve  tlexurai 
ix'rtotmuxv  aixl  to  assure  cxmplete  soparat ion  ot  the  overwound 
fibers  by  machining.  Results  of  t lie*  tests  are  six  vn  tx»hv. 


Design  A 

1-1/2*  king  ~"Tr  Ring  IVsign  B 


Flex.  Moment  -  In. lb. 
h.pact  Energy  -  Ft. lb. 
Imjvict  l\\ik  lYiree  -  lb. 


31,320  120,410  103, t«0 

612  679  927 

4 ,  525  5,656  5,570 


These  tests  indicate  safety  factors  in  floxuir*  ot  1.10  toi  Design  A 
with  1-1/2"  helix  l  inos,  4.52  for  Design  A  with  1"  Ixdix  i  itxis,  and 
3.65  for  Design  B.  With  tlx'  exception  of  Design  A  with  l-l  2"  helix 
rings,  both  designs  separated  cleanly  on  inexact  with  tlie  tailuivs 
t.aking  the  form  ot  oluelino  shear.  Desigri  B  achieves  .\mi\uahle 
moment  ,  impact  energy,  atxl  }x\ik  forces  with  txxtucixi  hoixl  l eivith  as 
Design  Type  II. 


SECTION  5  (cont  ’ d ) 


5.3  Impact  Test  on  Full  Scale  Prototype 

Hie  concept  of  Desicjn  A  was  chosen  for  a  full  scale  impact  test. 

A  MS-20  mast,  per  Pemvali  drawing  F-F-8161  on  page  35,  was  pro¬ 
duced.  It  was  made  with  helix  rings,  per  F-A-8162  on  page  36,  to 
manufacturing  specification  MS-1259  on  page  37. 

Hie  test  was  performed  at  the  Naval  Air  Engineering  Center  at 
Lakehurst,  NJ,  in  January  1979. 

The  mast  was  erected  in  the  same  manner  as  would  be  the  case  for 
an  approach  lighting  system  and  the  top  cross  bar,  with  lights, 
was  fitted  to  the  top  of  the  mast.  The  left  wing  of  a  light  air¬ 
craft  was  mounted  on  a  steel  frame  attached  to  a  "dead  load  car" 
(see  photo  P.28)  so  that  it  would  impact  the  mast  at  a  point 
approximately  15  ft.  above  the  ground.  The  "dead  load  car"  was 
pushed  to  attain  a  desired  velocity  and  then  released  prior  to 
reaching  the  mast  which  it  struck  at  a  speed  of  69  knots. 

When  the  wing  impacted  the  mast,  the  mast  broke  cleanly  at  two 
of  the  br oak- away  joints,  the  first  break  being  at  about,  the  point 
of  impact  and  the  second  being  at  the  break-away  joint  nearest 
the  ground.  Hie  upper-  portion  of  the  mast  fell  to  the  ground 
near  the  mast  base  while  the  lower  portion  fltvr  forward  about 
150  ft.  The  impact  created  a  slot  about  10  inches  wide  which 
extended  from  the  leading  edge  of  the  wing  back  to  the  center 
spar  (see  photos  P.33  and  P.34),  but  there  was  minimal  damage 
to  the  wing. 

Photographs  on  pages  29  tlirough  32  show  the  progression  from  the 
point  of  impact  through  the  time  when  the  wing  had  passes!  both 
sections  of  the  mast. 
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SECTION  6 


Tost  Methods 


6.1  Flexural  Test 


This  test  was  performed  on  a  Tinius  Olsen  Universal  Test  Machine 
with  load  applied  to  the  center  point  of  the  specimen.  In  order 
to  prevent  localized  crushing  of  the  tubes,  the  usual  loading 
nose  was  replaced  by  a  load  applicator  2-1/2"  long  which  was 
shaped  to  fit  the  outside  diameter  of  the  tubes  and  which  had 
radiused  edges.  For  all  tests,  the  span  was  72"  and  the  cross¬ 
head  speed  was  .500  inches/minute.  Flexural  mcnent  capacity 
was  calculated  using  the  standard  simple  beam  formula.  The 
flexural  modulus  was  calculated  iron  the  deflection  formula  for 
a  simple  beam  using  the  load,  w,  and  the  deflection,  y,  over  the 
straight  portion  of  the  load  vs.  deflection  curve. 

PI  WT  ^ 

Moment,  M  =  ~  ;  Deflection,  y  - 

4  48IL 

See  Figure  11  for  the  fixture  used,  and  calculations  on  page  38. 

6.2  Compression  Test 

The  compression  test  was  performed  on  a  Tinius  Olsen  Universal  Test 
Machine  with  the  load  being  applied  to  the  end  of  the  specimen  by 
means  of  flat  steel  plates.  Specimens  were  carefully  machined  so 
that  the  end  cuts  were  flat  and  parallel  and  at  90°  to  the  tube  axis. 
In  all  cases,  the  break-away  joint  was  centered  in  the  test  specimen. 
The  specimens  used  were  6"  long  for  the  Notch  design,  and  Design 
Types  IVa  and  IVb.  Specimens  for  Design  Types  II  and  III  were  8" 
long  wliile  those  for  Design  Type  I  were  12"  long.  Varying  lengths 
were  required  because,  in  order  to  obtain  valid  results,  it  was 
necessary'  that  only  the  tube  surface  contact  the  pressure  applicators 
and  the  break-away  joints  were  not  all  of  the  same  length.  The 
crosshead  speed  was  .050  inches/minute  for  all  tests.  Since  total 
compressive  load  was  reported,  no  calculation  was  necessary. 

See  Figure  12  for  the  fixture  used. 

6.3  Shear  Test 


The  shear  test  was  performed  on  a  Tinius  Olsen  Universal  Test  Machine 
using  special  saddles  to  support  the  ends  of  the  specimens  and  a 
shaped  load  applicator  to  distribute  the  load.  In  order  to  prevent 
crushing,  and  thus  distortion  of  the  results,  tliree  steel  tubes 
were  placed  inside  the  specimens  so  that  they  coincided  with  the 
saddles  and  load  applicator  but  left  the  center  points  of  the 
break-away  joints  free  to  shear.  Double  shear  was  measured  in 
order  to  obtain  distortion  free  results  and  the  readings  reported 
are  all  double  shear  unless  otherwise  indicated.  See  Figure  13  for 
the  fixture  used. 


SECTION  6  (cant'd) 


6.4  Impact  Test 

This  test  was  performed  at  tire  Fritz  Engineering  Laboratory  of 
Lehigh  University  using  equipment  generally  in  accordance  with 
the  provisions  of  ASTW  E208-75.  A  weight,  usually  200  lb., 
having  a  rounded  tip  was  dropped  frcm  a  height  of  7  ft.  above 
the  specimen  which  was  held  in  a  horizontal  position.  The 
specimen  was  held  as  a  cantilever  with  the  break-away  joint 
being  centered  6"  away  from  the  support.  The  specimen  was  so 
placed  that  the  tip  struck  the  tube  at  a  point  12"  beyond  the 
center  of  the  break-away  joint.  The  total  energy  of  the  falling 
weight  was  known  and  the  residual  energy,  after  tube  failure,  was 
calibrated  by  the  distortion  of  aluminum  plugs.  By  subtraction,  the 
energy  necessary  to  break  the  specimen  was  determined. 

See  Figure  14  for  illustration  of  the  test  equipment. 

Photographs  were  taken  of  the  resulting  impact  failures.  The  clean 
separations  in  Type  II  and  Type  TV  can  be  clearly  seen  (see  pages 
24  and  25). 

Nr  i  Coded  references  in  the  photos  relate  as  follows : 


Design  Type 

Code 

Notch 

KN 

Type  I 

MF 

Type  II 

SLHL 

Type  III 

SHP 

Type  IV 

INR 

High  speed  motion  pictures  were  also  taken  of  the  Lehigh  tests. 
These  are  quite  dark  and  difficult  to  see.  They  will  be  subnit ted 
to  the  Contract  Officer  with  this  report. 


SECTION  7 


Conclusions 


7 . 1  Per  f  ormance 


The  existing  mast  design  which  incorporates  stress  raising  grooves 
is  mechanically  strong  hut  lacks  the  desired  frangibility.  It 
does  not  break  clean  and  the  impact  force  necessary  is  much  liigher 
than  is  desirable.  Data  supplied  by  the  FM  indicates  that  mast 
MG- 20,  under  maximum  wind  conditions,  develops  greater  maxiimm 
moment  and  shear  stress  than  other  masts.  Mast  MS-40  develops 
the  greatest  compressive  stress.  Since  all  designs  tested  had 
compressive  and  shear  strength  of  such  an  order  that  the  safety 
factor  was  quite  high,  these  properties  do  not  meet  the  same  con¬ 
sideration  given  to  flexural  moment.  Figure  15  illustrates  the 
stresses  over  the  length  of  mast  MG-20.  From  this  data  it  will  be 
readily  seen  that  the  mast  with  stress  raising  grooves,  with  a 
flexural  moment  capacity  of  126,450  in. lb. ,  has  a  safety  factor  in 
flexure  of  4.45  and  could  thus  be  weakened  in  flexure  in  order  to 
supply  the  required  frangibility. 

Design  Type  II  was  the  only  one  of  the  preliminary  concepts  which, 
fully  met  the  requirements  although  Design  Type  rvb  showed  promise. 

Design  A,  of  the  final  concepts,  is  a  modification  of  Design  Type  IVb 
but  differs  in  that  the  wound-in  ring  lias  helical  rather  than  hoop 
fibers.  This  change  increases  flexural  moment  capacity  to  a  safe 
level  and  guarantees  that  impact  failure  will  be  by  bond  failure 
which  insures  that  the  break  will  be  clean. 

Design  B,  of  the  final  concepts,  is  a  modification  of  the  preliminary 
Design  Type  II  in  that  the  internal  helically  wound  sleeve  is  reduced 
in  length  to  3".  Hus  design,  on  impact,  breaks  clean  in  glue  line 
shear  although  the  required  force  is  slightly  greater  than  desired. 

7.2  Reccrmendations 


It  is  recommended  that  Design  A,  as  shown  on  Permali  Drawings  F-F-8161, 
FA-8162  and  MS-1259,  be  considered  the  preferred  design  and  that  it 
be  used  for  new  construction. 

Design  B  is  an  effective  means  of  modifying  existing  masts  of  constant 
diameter  for  greater  frangibility.  Hie  problems  presented  by  tapered 
and  preassembied  masts  as  in  specifications  FAA-E-2640  and  FAA-E-2659 
and  applicable  drawings  are  different  enough  to  require  more  testing 
to  prove  their  practicability. 
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Integral  ring  design  without  holes.  See  Fig 
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and  impact  results  on  page  13 
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impact 

results  on 

pag  e  13. 
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Integral  ring  design  with  four  (4)  holes 

drilled  90’ 

See  Fig.  10  and 

impact  results  on  page  13. 

View  of  Break-Away  Joint  (Helix  Ping  Joint,  Design  A)  Showing  Separated  Windings  of 
Overwound  Tube  After  Sanding  (See  Detail  B,  Drawina  F-F-8161,  Paae  35) 
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Sequential  Photo  4  of  4  Showing  Pass  Through  of  The  Light  Aircraft  Wing  With  Minor  Damage 
After  Breaking  Through  The  Lighting  Support  Structure 

(Photo  Courtesy  of  The  Federal  Aviation  Administration) 
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SUL  MARY  OF  EXHIBITS 


Exhibit  A  is  a  report  of  impact  tests  filed  by  Dr.  Roger  G.  Slutter 
of  Lehigh  University.  These  are  results  of  tests  done  on 
the  original  V-Notch  design  (see  Fig.  6,  page  14). 

Exhibit  B  is  a  report  of  impact  tests  filed  by  Dr.  Roger  G.  Slutter 
of  Lehigh  University.  These  are  the  results  of  tests  done 
on  the  preliminary  concepts  of  the  break-away  designs  (see 
Figures  7,  8,  9  and  10  on  pages  15,  16,  17  and  18). 

Exhibit  C  is  a  report  of  impact  tests  filed  by  Dr.  Roger  G.  Slutter 

of  Lehigh  University.  These  are  results  of  the  two  optimized 
concepts,  Design  A  and  Design  B. 

Exhibit  D  contains  the  recordings  of  shear  tests  on  the  preliminary 
concept  designs . 

Exhibit  E  contains  the  recordings  of  flexure  tests  on  the  preliminary 
concept  designs. 

Exhibit  F  is  a  copy  of  FAA  drawing  D-6155-1  which  illustrates  the  total 
airport  lighting  system  support  structures  for  MG-20,  MG-30, 
and  MS-40. 

Exhibit  G  is  a  report  of  impact  tests  filed  by  Dr.  Roger  C.  Slutter 
of  Lehigh  University.  These  are  results  of  tests  on  four 
samples  of  the  final  helix  ring  design  (see  drawing  F-F-8161, 
Detail  B,  page  35) . 
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Subject  Preliminary  Impact  Tests  of  Notched  Fiberglass  Tubes  Date  9./2B/.7B 


Specimen  No. 


Mr.  R 
Derma. 

Eshbi 
.1  Inc 

ugh 

- 1 

i 

P.  p. 
Mount 

Box  7 
Pleasi 

8  Brie 
nt ,  Pi 

Report 
.  156d 

St.  1 

6 

;xt. 

| 

_  ! 

Party  C.H, . 

H.S. 

K.G.S. . 

Approved 

Director  -  Operations 


Exhibit  A 


200 •  70.  4&7.  / 


iLCouAT/ 


Prstx  Force  /?**:  Tmpact  7kj>rj> 


jP  =  70  /rtcAes 

£-  =  3y/oo,ooo  fsi 

G  -  /j  ycH»;Oe>c 
X  -  // ze 
A  =  ~ •*/  ~i 


p***.  £k  =  Mit?**5^**-'7*7**1* 
Jal  ^  2(rA 

277672  */C  P 


SPE.u*&ap 

S  /»■/<</ 

r  0**) 

/CAJ  1 

3  co  G 

/C;DZO 

*J  2- 

/97<fi 

%l  30 

MF  1 

6c(c 

4,5*00 

A IF  Z. 

2&(c 

3/ 9  C 

Xbl  K  1 

3 

3/40 

1»  RZ- 

2-b(o 

2,9ro 

St-HL  1 

/G 

S;  7  70 

S  L  ML  Z 

U(, 

S/30 

6M  P  1 

4Z[p 

3,  7  yo 

SM  P  Z 

S3G 

4/40 

Lehigh  University 

BETHLEHEM  PENNSYLVANIA  18019 
Tti  IPHONI  (219>  691-7000 


Ocpartmcnt  or  Civil  Enoiniirino 

KHiTZ  ENGINCCNINO  LABORATORY  #13 

November  22,  1978 


200.78.487.1 


Mr.  R.  Eshbaugh 
Permali  Inc. 

P.  0.  Box  718  Bridgeport  St.  Ext. 

Mount  Pleasant,  Pa.  15666 

Re:  Impact  Tests  of  Fiberglass  Tubes 
Dear  Mr.  Eshbaugh: 

The  preliminary  impact  tests  made  on  3  ft.  long  tubes  in  September 
are  reported  on  a  separate  data  sheet  because  the  testing  procedure  for  these 
tests  was  different  from  the  tests  made  on  the  ten  tubes  tested  on  11/3/78. 

The  first  two  preliminary  tests  of  the  notched  tubes  were  made  using  a  1600 
lb.  weight  dropped  from  two  feet  above  the  tube.  For  these  tests  four  alum¬ 
inum  plugs  were  required  to  arrest  the  weight  after  fracture  of  the  tube. 
Following  these  tests  it  was  decided  to  test  with  a  smaller  weight  having  a 
high  velocity. 

A  400  lb.  weight  with  an  8  lb.  tup  was  used  for  preliminary  tests 
3  and  4  and  two  aluminum  plugs  were  used  for  arresting  the  weight  after 
fracture.  In  these  two  tests  the  tubes  crushed  and  jammed  against  the  track 
of  the  drop  weight  machine.  In  order  to  correct  the  problems  encountered  in 
these  tests,  the  length  of  the  test  tubes  was  changed  to  4  ft.,  the  lower 
section  of  track  was  removed,  and  a  larger  tup  with  a  larger  striking  radius 
was  made. 

The  energy  absorbed  by  the  four  preliminary  test  tubes  in  fracturing 
were  2592,  2642,  2695,  and  2890  ft. -lbs.  From  observations  made  during  these 
and  subsequent  tests,  it  could  be  observed  that  the  total  energy  absorbed  by 
the  tubes  consists  of  three  parts.  These  are  (1)  energy  to  deflect  the  tube, 

(2)  energy  to  deform  the  cross  section,  and  (3)  energy  to  fracture  the  ligament. 
There  is  no  way  of  separating  these  components,  but  it  could  be  observed  in 
the  preliminary  tests  that  all  three  components  were  of  significant  magnitude. 

The  test  procedure  used  in  the  ten  tests  conducted  on  11/3/78  tended 
to  reduce  the  cross  section  deformation  component  by  reducing  this  deformation 
to  essentially  elastic  rather  than  plastic  deformations  except  for  possibly 
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Exhibit  B 


Page  2 

Re:  Impact  Tests  of  Fiberglass  Tubes 

KN  1  and  KN  2.  For  the  other  eight  specimens  the  bending  and  fracture  components 
predominate. 

The  deformation  of  the  aluminum  plugs  used  to  arrest  the  weight  after 
fracture  provide  the  only  means  of  measuring  the  total  energy  absorbed  by  the 
tubes.  The  enclosed  calibration  curve  for  the  aluminum  plugs  was  used  to 
determine  the  energy  absorbed  in  fracture  of  the  tubes.  Aluminum  plugs  used 
for  the  preliminary  tests  were  from  a  different  lot  having  a  slightly  different 
calibration  curve.  The  energy  absorbed  by  each  tube  is  given  in  the  next  to 
last  column  of  the  data  sheet. 

During  the  tests  signals  were  recorded  on  a  storage  oscilloscope  from 
an  accelerometer  mounted  on  the  weight.  Examples  of  these  recordings  are 
enclosed  for  some  of  the  tests.  These  recordings  were  only  partially  success¬ 
ful  because  resistance  force  offered  by  the  tubes  were  either  very  small  in 
the  case  of  some  tests  or  very  large  when  the  weight  was  arrested.  The  large 
resistance  of  the  aluminum  plugs  caused  the  signals  to  go  out  of  range  while 
the  small  resistance  offered  by  some  tubes  barely  produced  a  signal.  Since 
in  all  tests  the  energy  absorbed  by  bending  of  the  tubes  was  relatively  large, 
the  resistance  produced  at  initial  contact  of  the  weight  with  the  tube  was 
small  and  did  not  register.  Basically  the  "blip"  recorded  as  the  tube  was  hit 
indicates  a  change  in  acceleration  of  the  weight.  By  the  equation  F  ■  ma  the 
force  encountered  is  proportional  to  the  acceleration  registered  on  the  graphs. 
However,  these  are  probably  only  a  qualitative  picture  of  the  event  and  it  is 
difficult  to  obtain  the  force  because  the  response  is  not  linear  over  the 
range  of  forces  involved. 

The  two  graphs  for  preliminary  tests  2  and  A  indicate  that  the  accelero¬ 
meter  went  out  of  range  during  the  event  because  the  gain  was  too  high.  The 
graphs  for  MF  2,  INR  2  and  SLHL  2  show  the  event  but  the  signal  went  out  of 
range  when  the  aluminum  plugs  were  encountered.  The  height  of  the  event  signal 
for  contact  with  the  tube  is  recorded  in  range.  The  vertical  scale  for  SLHL  2 
is  twice  that  for  the  other  two.  The  amplitude  must  be  reduced  to  half  for 
comparison  with  MF  2  and  INR  2. 

The  best  method  for  obtaining  value  for  the  maximum  force  encountered 
for  each  test  is  to  use  equivalent  deflection  equated  to  total  energy  absorbed. 
This  method  ignores  deformation  of  the  cross  section  as  being  negligible  in 
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comparison  to  the  other  two  components.  The  energy  absorbed  in  fracture  is 
considered  in  terras  of  equivalent  deflection.  This  method  may  slightly  over¬ 
estimate  the  force  for  KN  1  and  KN  2  where  deformation  of  the  cross  section 
may  be  significant.  Values  for  the  other  tests  should  be  good  estimates  of 
the  peak  force.  The  effect  of  the  ligaments  on  the  deflections  is  not  signif¬ 
icant  because  the  length  of  the  ligament  is  small  compared  to  the  span  length. 

The  total  energy  is  equated  to  the  energy  absorbed  in  flexure  plus 
the  energy  absorbed  in  shear  by  the  following  equation. 


Total  Energy  = 


P2/3 
6  E  I 


(flexure) 


(shear) 


where  P  is  the  maximum  force.  The  enclosed  computation  sheet  gives  the  prop¬ 
erties  used  for  computations  and  the  resulting  force  for  each  of  the  ten  tests 
conducted  on  11/3/78.  These  values  should  agree  reasonably  well  with  values 
obtained  from  your  static  tests. 


Sincerely  yours, 


Roger  G.  Slutter 

Professor  of  Civil  Engineering 

Director  -  Operations  Division 


RGS/df 
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Mr .  Bob  Eshbaugh 
PERMALI,  INC. 

P.  0.  Box  718,  Bridgeport  Street  Ext. 

Mount  Pleasant,  Pa.  15666 

Re:  Impact  Tests  of  Fiberglass  Tubes 

Dear  Mr.  Eshbaugh: 

On  December  7  the  last  group  of  tubes  was  tested  using  a  smaller  weight 
dropped  from  the  same  height  as  in  the  previous  tests.  Following  the  tests  we 
made  a  new  calibration  run  on  aluminum  plugs  and  we  determined  the  exact  weight 
of  the  impact  weight.  The  corrections  resulting  from  this  check  have  been 
incorporated  into  the  analysis.  The  energy  absorbed  by  each  tube  is  somewhat 
higher  than  the  amount  determined  on  the  day  of  the  test.  We  have  found  that 
whenever  we  changed  the  weight,  it  is  necessary  to  run  a  new  set  of  aluminum 
plug  calibrations. 

The  high  speed  motion  picture  of  all  six  tests  have  been  sent  to  you  under 
separate  cover  along  with  a  few  black  and  white  photographs.  The  films  are 

slightly  under-exposed  for  dark  areas  due  to  the  fact  that  the  speed  of  the  camera 
is  approximately  1100  frames  per  second  instead  of  1000  frames  per  second. 

The  peak  force  values  have  been  obtained  from  the  energy  equation  as  in 
tiie  previous  test.  This  data  appears  to  correlate  well  with  the  data  from  the 
previous  tests  using  the  larger  weight.  However,  you  may  be  aware  of  differences 
in  the  test  specimens  that  I  am  not  considering. 

Sincerely  yours, 

/)* 

Roger  G.  Slutter 

Professor  of  Civil  Engineering 

Director  -  Operations  Division 

RGS/df 
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